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Introduction

The purpose of this paper is to elaborate on possible structures for the second reference symbols for the E-UTRA DL. In particular, we consider the technique of super-imposed pilots.

Super-imposed pilots technique description

Super-imposed pilots have been proposed for OFDM systems as an alternative candidate to conventional time/frequency multiplexed pilots [2].

This technique has the advantage that no additional bandwidth is consumed for pilot signalling. It enables the balance between resources used for data transmission and resources used for pilot transmission to be flexibly adjusted without affecting the basic interpolation pattern for channel estimation. 

This technique can also be used for both unicast and broadcast pilots.

The technique consists of adding a known pilot sequence of constant modulus and zero-mean, such as a pseudo-noise sequence 
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The corresponding signal model of the compound symbol is given by:
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The design parameter 
[image: image6.wmf]r

 controls the amount of power allocated to the pilot signal, or pilot-to-signal power ratio (PSR), assuming the constraint of unitary power of the resulting compound symbol (for simplicity and to ensure that the overall PAPR of the transmitted signal is not affected).

The figure below depicts the application of the super-imposed pilot in the context of the assumptions defined in 7.1.1.2.2 of [1].


[image: image7.wmf] 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

One sub frame

 

D

 

 : 

Data

 

R

1

 

 : 

First reference symbol

 

: 

Second reference symb

ol 

 

+

 

Data

 

One sub carrier

 

One OFDM symbol

 

R

2

/D

 

R

2

/D

 

R

2

/D

 

R

2

/D

 

R

2

/D

 


The parameter
[image: image8.wmf]r

can take values depending on the required performance or operating conditions.

A value of parameter
[image: image9.wmf]0
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 corresponds to the situation where no second reference symbols are transmitted.

By contrast, setting 
[image: image10.wmf]1
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 corresponds to an orthogonal second reference signal as currently illustrated in [1], where no data is transmitted in the same symbol.

Thus the proposed description can be seen as a generalisation of the two cases in [1]. Special cases of this generalisation are the case with no second reference symbols (
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) and the case with no data transmission when the second reference symbols are transmitted (
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).

This technique provides an additional degree of freedom in downlink resource allocation to be able to flexibly support the different scenarios defined in 7.1.1.2.2 (high Doppler channel, multi-antenna transmission, interpolation in case of preceding SFN broadcast, higher order modulation).

The scheme is also able to cope with multiple mutually orthogonal downlink reference signals by properly choosing orthogonal 
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 sequences.

Conclusion

We propose that the description of the second reference symbols should be generalised as described above for further study, while encompassing the two options currently in the TR as special cases. A text proposal for TR25.814 is appended to this document. 
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-- Start of text proposal for TR25.814 --

7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first or second OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) may  be located in a second OFDM symbol of the sub-frame

[image: image14.wmf] 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

R

2

 

D

 

R

2

 

D

 

R

2

 

D

 

R

2

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

One sub frame

 

D

 

 : 

Data

 

R

1

 

 : 

First reference symbol

 

R

2

 

 : 

Second reference symbol

 

-

 

Exaxt frequency

-

domain 

reference

-

symbol 

 

density is TBD (50% in this figure)

 

-

 

Frequency

-

domain staggering between first 

 

and second reference symbols is TBD

 

-

 

The first reference symbols may, alternatively, be 

located in the first OFDM symbol of the sub frame

 

-

 

Exact time

-

domain posi

tion of second reference 

 

symbols is  TBD

 

One sub carrier

 

One OFDM symbol

 


Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)

The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub frame
In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

If second reference symbols are transmitted, the possibility for different power offset between the first reference symbols and the second reference symbols could be considered.
In general, the symbols in which the second reference symbols are transmitted may be regarded as a sum of a data symbol and a pilot symbol, as follows:
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represents the pilot symbol and 
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 the data symbol. The  parameter 
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 controls the amount of power allocated to the pilot symbol relative to the data symbol, with (
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) giving the case with no second reference symbols and (
[image: image20.wmf]1
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) giving the case with no data transmission when the second reference symbols are transmitted.
In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).

Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO
It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Mutual orthogonality between reference signals may be achieved in either the frequency domain (reference symbols of different antennas/sectors/beams transmitted on different OFDM sub carriers within a given OFDM symbol) or in the code domain (reference symbols of different antenna/sectors/beams modulated by mutually orthogonal patterns). Both alternatives are to be considered. 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
-- End of text proposal for TR25.814 --
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